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s p u t 0 r u m t c a m p y 1 0 b a c t e r c 0 n c i s u s ';j: fft Jii j:\ tt ± ( * E1: iif5 }I m ~ 1i1f ~ 
FJf, ~~3[F!f) iT·t:>~.!j~;ht:o C. sputorum spp. sputorum ~~< 
T a b 1 e 1 t: * ~1 t: 9 -"Z "L 0) ~ 51:t tl: *HI ~ ti :t). 4 0) Jtf ttl! t: Hi fi L, ~ iU. :tg ~ 
~ ii ( ~ iR ~ fF PJf, }if;[ Ji:1: ) ~ ""f, 3 7 OC, 4 8 ~ ra,, N2 , C 02 , H 2 ( 8 0 : 1 0 
: 1 0 , vI v ) iY• t:> t;J. .Q ~ iU. :$ :f:j -r ""f :t{f ~ L t:o C . s p u tor u m ti B B L Campy 
Pak Microaerophilic Systems(BBL Microbilogy Systems, Cockeysvi-
1 1 e , M d . , U S A ) ~ ""f, 3 7 OC, 4 8 ~ rs,, ~ tlf 5i:t :$ f:l -r -r J{f ~ L 1t o Jg ~ ~ 
f* ';j: 1 0 ' 0 0 0 X g' 2 0 :5}, i% JL\ ~ ~ L, 1) y M *I if :&: :!& * ( pBS' pH 7 . 2 ) 
c· 1 @1 i% JL' ~ 711- L 1t 1~. J,). -r 0) ~ § t: ~ L t:o 
2. fJIM:fltllli~O)~~tW. recta ATCC 332380)150kDam80)m!1 
~ :fltJ lli 'i Ibrahim t:> 0) 1.i ?* 1 4 ' ': ~ -:> "L fr -:> fto i% JL' ~ 711- ~ f* 2 g 
( ?i m :i: ) ~ 8 0 m 1 0) P B S t: ~ ?li L, ~ ~ ~ iii 0) p H ~ 1 N H C 1 -r p H 2 . 0 t: ~ ~ L, 
3 0 :5} rs, ~ ~ -r tt 1* :tm lli L fto 12, 0 0 0 X g, 2 0 :5} ra,, 4 "C C' ~ JL\ L, ~ ; 
n 1t i% JL' __t rn ~ :::... l-- t1 -t Jv t1 - A ~ ( p o r e s i z e , 0 . 2 11 m ; }if;[ 7$ ~ *If ; 
}if;[ E1: ) c· ~ ~ L, ~ f* ~ ~ * L fto ~ :fltJ lli 1~ 0) 00 f* ~ :Yt ~ mt ~ ~ -r -r 
H ~ L t: t ;: -? , ~ 0) * !~ 'i ti -=> ~ fJ t 1* ~ ~ n -c .b IJ , M :fltJ lli t: J: fJ 
~ f* tJ1 ;: b n L ~ \ .Q ;: t ';j: t;J. tJ':l -:> t:o ~ 7~ ~ 1 0 0 , 0 0 0 X g, 6 0 :5} rs,, 4 oc 
-r ~ i% lL' L, 1 N N a 0 H c· ~ JL' _t rn 0) p H ~ 7 . 2 t: IDm ~ m, 6 5 % ~ m 0) ~ tfi :fr 
@I ~ fr -=> t: o 4 oc -r - ~ D ii L, ~ JL' -r ¥-iJ t: tt ~ ~ 2 o m 1 0) 1 o m M 1) Y M *I 
if iii ( P H 7 . 4 ) t: ~ M L, [PJ *I if iii t: 4 "C, 1 8 ~ ra, ~ lJT L t: o ~ :tJT ~ ~ G t: 
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dens tone , UK) 7J 7 b. ( 1 . 6 x 2 5 c m) -r :fr @i L fto 7J 7 b. ~ 115] *I if iii 100m 1 
t: "L m 711- L 1t 1~. 0 tJ':l t:> 0 . 6 M N a C 1 0) t! J5f. 1;J ~ t: J: -:> -c ~ lli L ko e 7 7 
7 y 3 Y t: -:J ~ \ "L 0 D 2 8 0 n m 0) !Qk :Yt J5f. ~ ffiq J£ 9 .Q t t <t t:, f' 7 Y Jv Wif ~ 
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;b ; 9, 3F !Qk !i @I :5} ~ ~ 'd.>, I m m e r s i b 1 e C X - 1 0 ( :fr -=f ii 1 75 7J ''J }-- :t 7 ; 
M i 1 1 i p o r e C o r p . , B e d f o r d , M a s s . , U S A ) ~ Jf.J ~ \ "L t! m L, P B S C' :5¥ {l {t 
L t: Toy ope a r 1 H W- 6 5 S ( * ?$ '} - ~ .I ~. JR E1: ) 7J 7 b. ( 1 . 6 x 9 5 c m) ~ 
ffl ~ \ "L Jf Jv ~ jM! L t: o 7J 7 b. 0) fJF ~ 1* fJi ( V o ) M J1I t: ~ lli ~ n t: 1 5 0 k D a 0) 
m 8 ~ 13 tf 7 7 7 Y 3 Y ~ ~ f}), I m mer sib 1 e C X -10 -r ?I~ L, m ~ M Ml 
tf:1 ~ C L fto 
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3. W. recta ATCC 33238tJ~; (])fti< (])7}10015?£ ~:. J: .Q~~(J)~~ 
1 ) :tif it _t m 100 7.t (]) ~ ~ 
T o d d - H e w i t t b r o t h ( B B L ) (.:_ 0 . 5 % M fJJ: .:r. :f A ( D i f c o L a b o r a t o r i e s , 
Detroit, Mich., USA)~~ha L ~~~m* ~ m~:I:(J)~M71< ~~ L ~ 
~ m L, -t (]) ~ m ~ 7i ~:. :¥ M r Y :c .::. r7 D. t 7 7 ;1; M -r r- 1J 9 D. ~ -t n 
~ n o . 2%, o . 3 % t: t;t. .Q J: -5 t: na x. ~ :tff ttl! c· ~ ~ :tff it L t=. o ~ ~ :tg ~ 1i, 
~ 11) ~ *. L "k. :tff ~ _t m ~ .::. t- t1 t Jv t1 - A ~ ( p o r e s i z e , 0 . 2 /.1 m ; !if[ ?$ 
~ *f£, * *) c· ~ Ji!1 L "ko ~ 7i ~ 65%~ ~ (]) ~ tfi: 7t 100 ~ 1:Y ~,, 40C "E- 85£ 
D i: L, ~ JL' "E 1{J "k. tt m ~ 1 0 m M 1) / M *I 1ii ~ ( P H 7 . 4 ) t: ~ M G, rsJ *I IT 
~ $ "E 4 OC, 18 ~ ra~ ~ m L "ko ~ :tJT 1i ~ t "k. tt $1 ~ ~d: ~ JL' t: ~ ~ *. L, 
-t (]) _t m ~ :t{f ~ _t m @ 7} ( c u 1 t u r e supernatant) t L t:.o 
2 ) -:1 [/ / ;;- - ~-= J: .Q tm lli ~ (]) ~ ~ 
~ JL' ~ ~ ~ 1* 2 g ( ?i m :1: ) ~ 4 0 m 1 (]) PBS t: ~iii L, ry - l) / lJ' -:1 v / 
,Y- (Waring Products Division, New Hartford, Conn., USA)Jfj ~,, 
:@ r!fU jf c· 4 OC, 3 7} ra~ 7.1\ =t :/ -J- 1 -;( 9l1 ~ ~ L t:.o ~ % 43 J: <f 1! m ,d:, 
12' 0 0 0 X g, 2 0 7} (]) ~ JL\ C' ~ ~' -f (]) _t m ~ 1 0 0' 0 0 0 X g, 4 oc c· 1 lJ.=!j ra, 
(]) ~ ~ JL' ~ 1T -:J ~o tt m ~ PBS$ c· 'b -5 - Jj£ ~ ~ JL' L, PBS t: ~ M G "k. 'b 
(])~blender extract t L t:.o 
3) ~-€r?EZ:fffilli~ (sonic extract)43 J: lf91-~@i7}0)~~ 
~ JL' m ~ M 1* 1 g ( ?i m :1: ) ~ 4 0 m 1 (]) 5 m H IJ / M ~ 1ii ~ ( p H 7 . 4 ) ~.:: ~ ?;j 
G, 1g(l)ti7Al!-.A (~:ri£, 0.18mm; ~9J;ifijft5, JJ!*) t~t=~~ 
~ ~ ~ S1t i: ( u R- 2 o o P ~. r- ~ - m I, * * ) ~ m ~' ~, 2 o ow (]) te n -c· 
4 oc, 15 7} ra, ~~?Hi 9l1 ~ L, ~% ~ ~ ~ L ~0 10' 0 0 0 X g, 2 0 7} 0) ~ JL} 
--r * ~ ~ ~ 1* 43 J: (f 1! ~ ~ ~ ~' t:. ~ JL\ _t m ~ ~ ~ ?Hi tm lli ~ ( s 0 n i c e X -
t r a c t) t L t:.o Jrn -=e§- ~ :fEB lli !f=m ~ ~ ; t: 1 0 0 , 0 0 0 X g, 4 oc, 1 ~ ra~ ~ ~ J[) 
G, 1{J i? n t:. rt m ( ~ Tim 7t ) ~ ~ WI 71< "E 2 @I ~ JL' ~ ~ G, F i 1 i P i? (]) 1J #i. 
1 5 
> t: J: .Q ~ ~ @i 7} (]) ~ ~ ~.:: ~ L "k. o 9 t;t. ;b t:>, it ~ t.:: 0 . 5 % N - 7 rJ tJ 1 
Jv ~ J]; :1 y / M -}- ]--. l) r] b. ( s a r c o s i n a t e ) ~ a U 1 0 m H T r i s - H C 1 *I 1ti W 
( p H 7 . 2 ) ~ :IJD X. ' 3 7 oc' 3 0 7} ra, 9l1 ~ ~ 1T "":) ~ 1i' 1 0 0 ' 0 0 0 X g' 4 oc' 1 ~ 
ra~ ~ ~ JL' L ko 1{J i3 n t:. _t m ~ sarcos ina tePJ ~ RI!i :fr, tt $ ~ ~ ~ lmi 71-
t G "ko 
4 ) IJ ij"{ ~ ~ 1* < L P s ) (]) fm te t m ~ 
W . r e c t a ~ ~ ~ % jJ'l G (]) L P S 0) fffi lli td: W e s t p h a 1 t J a n n (]) ~2 ~ 1 6 > t: fJt -:J 
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-c ~ 7 x ; - Jv - * $ -c fr J ~0 1~ i?J n ~ 71< ~ 100 5t ~ 1!i- Wi 71< ': ~ ffT m, 
<* ~ ~ ~ G, ffi L P S U~ lib ~ 1fj: ~o L P S 0) m ~ 'i K o g a i?J (}) 15 $ 1 7 ' ': tit ~', 
m L p s *~ lib ~ 5< 7 v 7 - 1! 911 11 G ~ 0) -s' 1 0 0 ' 0 0 0 X g' 3 ~ ra, (}) ~ ~ 11) 
t't $ ~ 2 @I ~ fJ ~ G fj" J "ko 
4. %W.mlfnrn(})~oo 
W . r e c t am ~ M fffi te ~ 2 5 0 /.1 g ~ o . 5 m 1 (}) P B S ': ~ M G, F r e u n d (}) ~ :i: 7 
.Y :r. !'\ / 1-- ( D if co Laboratories) 0 . 5 m 1 c· .:r. 7 Jv V 3 / {t G, 8 '@ ~ W, 
( 1* m 2 . 5 '"" 3 . 0 k g ) (}) 1i' fffi i:) J: Tf * ~ iW (}) ~ 1J FJf ': 0 . 1 "' 0 . 2 m 1 9 "':) JiJj ~ pg 
?! j1 G ~o 2 ~ Fa, m, ~ /JD #. ~ t G -c m ~ M fffi te ~ 2 5 0 /.1 g ~ 0 . 5 m l 0) P B s 
': ~ ~~ G, F r e u n d (}) ~ jG :i: 7 .Y .:z. J \ / 1-- ( D i f c o L a b o r a t o r i e s ) 0 . 5 m l c· 
.:r. 7 Jv V 3 / {t L "k <t 0) ~ 1 ~ ra, ~+ t 2 @J ': ;b "k fJ fPJ ~ ': JiJj ~ pg ?.± j1 G "k o 
D ~ :*. ~ ct fJ 1 o a r~ ': 1* .rm G, lfn rn ~ :fr ~ L ~0 1fj: ~ n ~ lfn m 'i 5 e oc, 
3 0 :fr /JD ~ G 3F th {t G ~ 1~, - 8 0 OC c· <* *6 1* f¥ G ~o 
5 . Jf Jv pg tt ~ & Jit\ 
Jf Jv pg tt ~ & JZ 'j: o u c h t e r 1 o n y 0) 1J $ 1 8 ' ': tit l', 1 . 2 % 7 ti o - .:;::z -
P B S ( pH 7 . 2 ) Jf Jv ~ ffl ~' -c fj" "J "ko 
s . ~ 1J 7 7 1J Jv 7 ~ r: Jf Jv ~ ~ ,¢.i. m ~ ~ tJJ 
~ IJ 7 7 IJ Jv 7 ~ r: Jf Jv ~ m ,¢.i. ~ ~ Me tJJ 'i filli 11 m f* 7 Y * :::; 1 Y 
( p H 3 . 5 - 1 0 ; P h a r m a c i a L K B , U p p s a 1 a , S w e d e n ) ~ 2 % -a tr 5 % ~ 1) 7 7 1) 
Jv 7 ~ r: Jf Jv sr: t& ~ ffl ~' -c ~ *-'+ ~ ~ ~ Me tJJ G ~0 Jf Jv 'i 4% :;z Jv * -t.t 1J 
-r Jv M - 1 2 . 5 % r- IJ 7 o o m: M - 71< -c· ~ J£ ~ 1j l', o . 1 % 7 7 v - 7' 1J 
IJ 7 y r- 7' Jv - R 2 5 o ~ -a tr 8% m: M - 2 5 % .:r. -7 ; - Jv - 71< -c ~ '@ ~ fr J 
~ 0 Jf Jv (}) H$t '@ 'i 8 % m: M - 2 5 % .:r. -7 ; - Jv - 71< -c· 1j ~', ~ m ,¢.i. ?iltl J£ m 
*~ $ m E3 ~ lib (ph arm a cia) (}) ¥Jk IJJ ~e: ~ ': J: f)' ~ ~ (}) ~ ~ ,¢.{ ~ * f)) ~0 
7 . r: =r ~ Jv 1it M -r r- IJ 9 h. - ~ IJ 7 7 IJ Jv 7 ~ ~ Jf Jv ~ ~ ~ tJJ 
(SDS-PAGE) 
S D S - P A G E 'i La e m m 1 i 0) 11 $ 1 9 > ': tit "J ""( fj" "J "ko Jf Jv (}) 1!1 ~ 1 . 0 m m -c 
7 7 1J Jv 7 ~ r: 0) ?2 J5t fJ) -t n :e n ?2 *i Jf Jv 4 . 5%, 5t ~ Jf Jv 1 o % -c &> ~ 
.:::z 7 7' Jf Jv ~ ffl ~' -c ~}( JJJ G ~0 
~ *f 'i ¥;k IJ] ': ~ ~ "J -c, 1% S DS, 2% 2- J. Jv 1J / 1-- .:r. 5 J - Jv ~ 1JD ;t , 
3 :fr Fa, ~ ?;t G ~o Me 1JJ r~ , Jf Jv 'i 0 . 1% 7 7 V - 7' IJ IJ 7 / 1-- 7' Jv - R 2 50 
~ -a tr 4 5% m: M - 1 o% ;. -7 ; - Jv - 71< -c ~ ~ t ~ ts ~ ff J ~0 Jf Jv 0) H$t 
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iS ~j: 7. 5% m: M - 10% :J. 5 J - Jv - 71< C' fj ~ ko it~ 11 7 - )J - ~j:, 
B i o-R ad :tt ( R i c h m on d , C a 1 if . , US A) (]) $ J!& a=6 ~ ffl ~' ko 
8 . 1 .b. J 7' tJ ''J 7 1 / J;' 
1 .b. J 7' tJ ''J 7 1 / Jf ~j: T o w b i n ~ (]) 15 ?! 2 0 > t: ttt ~ -c fj ~ k o S D S -
P A G E ~ th 1~, Jf Jv ~ (]) m B ~ ::::.. }- tJ t Jv tJ - A ~ ~: -fi ~ fi 13= ~ 00: ( E l e c 
troblot apparatus; LKB-Produkter AB, Bromma, Sweden)~ ffl ~' -c, 
8 OV, 4 ffiJ ra~ fi 13= ~ fr ~ "ko fi 13= ~' ::::.. }- tJ t Jv tJ - A ~ ~j:, 0 • 9% (]) i& ft 
-T }- l) ry b ~ t3 tr 1 0 m H T r i s - H C l ~ 1fj ~ ( T BS ; p H 7 . 5 ) t:: 5 % A :¥- b 2. Jv 
-7 ~ m tJ~ G t=. m ~ ( 7' o ''J =¥- ::; Jf ~ ) ~ -c·, - ~ ~ {ffii c- 7' o ''J :¥- ::; Jf G 
t-:. 0 <~ ~' -c· -:1 o ''J =¥- ::; lf ~ -c· 1 : 2 o o -c· ~ ~ G t=. it m m ~ :?I lfn m .b J: r1 at 
'm A lfn m t ~ zg C' - B$t Ei. ~ ~ it t-:. o ::::.. t-- tJ t Jv tJ - A ~ ~j: 0 . 0 5% T w e e n 
- 2 o ~ 13 u r B s c- m Nt 1~. -v =¥ m c: r- I g G m f* - ~ r$ ry ;y c: ""' Jv ;t =¥- y -Y 
- -t! fl -EJ f* ( 7' tJ ''J ::¥- / Jj m ~ C' 1 : 5 0 0 t:: ~ ~ ; H i 1 e s - Y e d a L t d . , 
Is rae 1) t ~ zg -c~ 11F.l ra~ Ei. ~ ~ it "ko ::::.. }- tJ t Jv tJ - A J3l ~ m ?t 1~, ~-@ 
ti Jfff1 M ft 71< ~ t 4- :J. t-- :¥- Y -1- -T 7 t-- - Jv ~ 13 tr m ~ c- 1T ~ ko ~!1M 
1m ce t:: ~ 9 ~ ~ .w. m oo m ( 1 : 4 o , o o o * fR ) ~ 1 'IX m f* t G -c m ~' t-:. ~ t:: 
~j:, 2 <~ m f* t G -c ~j: -v =¥ m ~ ~ I g G m f* - ~ ~ ry ;y c: ""' Jv ;t =¥- "Y -Y - -t! 
fl -El f* ( 1 : 3 , 0 0 0 ;ffi- ~ ; H i 1 e s - Y e d a L t d . ) ~ ffl ~' -c [5] 1i t: &. ~ ~ 1i ~ t-:. o 
9. ti.DX7 2. J M.b J:: rJ7 -2. J m(J)it:Hf 
m .fiX Y -2. J M .b J: rJ 7 2. J m ~j: ~ ~ ti A ~ ifrt ~. 6 N H C 1 C' 110 OC, 14 
~ rs~ :IJD 71< 7t M L, t-:. ~ *!- t:: -:> ~' -c, fiJJ ~ ~ f* -7 tJ 7 t-- Jf 5 7 ~ fi ( H P LC : 
CCP & 8000, * r$ 'J- .1J' I~. * Ji() ~ ffl ~' -c 7t ;fff, IE ii L, t-:.o 
1 o . m .BX m .b J: r1 m .BX n~ 1m M (]) it 11T 
m .fiX m (]) it ;fff ti T o r e ll o ~ (]) 15 ?* 2 1 > t: {tt ~ ', ~ ~ ti A ~ W $ 1 N H C 1 
c· 11 0 OC, 8 ~ rs~ :IJD 71< 7} 1W L, t-:. ~ *!- ~ 7 Jv V t-- - Jv Y t 7 - t-- ft L,, jj A 
-7 o 7 t-- Jf 5 7 ~ ti: ( 1 6 3 *· B 1L ~ fF PJf, * E( ) C' 7t 1JT G "ko tl JiX H~ 
JW M tj:, Ike mot o ~ (]) 15 ?! 2 2 > t: J: ~ -c 5% !& 1t 71< ~ - :J. 5 J - Jv ~ ffl ~' 
-c :J. 7- Jv I A 7- Jv ft L, jj A 7 tJ 7 }- Jj 5 7 ~ ti: ( 1 6 3 *· 8 1L ~ fF PJf ) 
-c· it 1JT G t-:. o 
1 1 . N * Yffll 7 2. J M lli2 ~U (]) :fr 1JT 
W . r e c t a (]) ~ ~ M tffi tB lm (]) N * j)1ij 7 2. J M ~ 9U tj:, ~ *1- ~ 7 2. J M El 
I}] y- -7 I/ -It- (model 477A, Applied Biosystems, Japan Inc., 
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W * ) ~ JfJ ~ 1 -c E! ~ E d m a n 7t M t: J:: -:::> -c {j ~ 1, ~ .BX L t:. 7 .I. .=. - Jv 7- ;&- t: 
5' / f-. 1 / ( P T H ) 7 2. J M (J) fEJ JE 'i ;t / 7 1 / 1 l: ~ n t:. H P L C P T H 7t :t1f ~ 
(model 12 OA, A p p l i e d Bios y stems) ~ JfJ ~ 1 --c 7t :t1T L, ~ ~ L t:_o 
12. 5£.~~r~~~~':J:~H~ 
W . r e c t a AT C C 3 3 2 3 8 ii f,f.: &> .Q ~ 1 ti M Tit! lli 1~ (J) 00 f,$: ~ P B S ~ 2 @J ~ 1l.' ~ 
~ L , P B S c· 0 D 6 6 0 n m (J) IT& JIG 1.t i/1. ~ 1 . 0 ': tJ ~ J: -5 t: ~ iii L t:. o :g 1.7 (J) @ 
~ ?li ~ (]) 0 . 2m l ~ ~ It\ tt ~ L, tt $ L t:_ M {,$: t: 0 . 2m 1 (J) w. r e c tam ~ M tffi 
lB ~ t: J:if 9 .Q * ~ m ll'n m ( 1 : 2 0 0 t: P B S ~ :ffi- ~ ) ~ 1JD ;t -c ~ ~ 7li L, 3 7 OC 
-c· 3 o 7t, <'X ~' -c· 4 oc -c· - ~ & IZ ~ it t:. o & JiC\ ~, -t n ~ n (J) m f* 'i P B s t: 
-c 3 @J ~ 1l.' ~ ~ L, 7 ;t Jv b. '' - Jv ~ ~ 5i -:::> -c tJ - * :; 1!i. ;g L t:. =- ''} 'T 
Jv ;y IJ '') ~ c 2 o o ;.. '') :_; .:1. ) _t ': t~: ~' t:. 0 1/ 1J ''} ~ _t (J) m f* tt -v ~ m: * 
~ IgGffi:f,$:- ~ ::r tJ 1 ~ ~~{,$: ( ~ ::r tJ 1 ~ m.::t-if: 10nm; Janssen 
L i f e S c i e n c e P r o d u c t s , 0 l e n , B e 1 g i u m ) ~ 0 . 5 % 4 ll'n m 7 Jv 7' 2. / ~ 
a <tr P B S c· 1 : 2 0 t: :ffi" ~ L t:. ~ 1~ C', ~ ~ 3 0 7t Fa, & JZ ~ it t:_ o 1/ IJ '/ ~ ti 
PBS~ 3 @I, l!i- Wi 7k C' 1 @J ~ ~ L t:_ ~. pH 7. 2 t: ~ ~ L t:_ 1% 1) / 5 / 1/ :A 7-
/ M ( TAAB Laboratories, Berks., UK) C' ;r, Jj 7--1 7'~@ L, B lL. 
H - 8 0 0 ~ ~ ~ ~ it: r ~ if& m ( :fJD ~ it: EE 1 0 0 k V ) C' lli! ~ L t:. o ~ 1!1 L -c ~ 1 
t:t. ~' * ~ ll'n m ~ ~ tt J:if Jffi t L -c ffl ~ 1 ko 
1 3. ~~~.t:> J:: LJMt~ll'nm 
~ w * ~ 1H ~ fffi m ~ W3 we m = f* f¥ ~4 ~ ~ ~ L t:. .BX A tt 1H m ~ ~ ~ 34:g 
c 9:. tt 2 o:g, !13 tt 14:g) t ~, :i! jjg 1-r tt 1H m ~ ~ ~ 17:g c 9:.11 12A, !13 tt 
s:g) .b J:: tf {I'm~ 1o:g ( 9:. tt s:g, 5f5 11 s:g) ~ ~ ~ ~ t L t:_a ~ JE.I W3 
(J) W3 ~ ti P a g e t S c h r o e d e r (J) ~2 ~ 2 3 > ~ f; t t: L t:_ M u r a y a m a I? (J) ~ WT £ * 
2 4 
> t: 1tt -:J -c , .BX A tt t§ JE.I ~ ( A d u 1 t p e r i o d o n t i t is : A P ) , 1J :i! Jjg {j 11 
iT ]SJ ~ ( R a p i d 1 y p r o g r e s s i v e p e r i o d o n t i t is : R P ) '.: 7t ~ L t:_ o M! ~ ~ 
(J) :& fm Wu I* .5X *I ~ T a b 1 e 2 ': ~ ~ L ko * m lfn ~ tlll'n L, 'm $ t: 1tt ~' ll'n 
m ~ 7t 1ft L t:. o 7t lU L t;:. ll'n m ti ~ JfJ * ~ -3 0 OC ~ <* ~ i* f¥ L t:_ o 
1 4 . 11n m r g a m f* fiffi ([) ~tl JE: 
W . r e c t a m !'i M jffi te ~ t: M 9 .Q ll'n rn I g G m f* fiffi ti V o l l e r I? (J) 15 #;, 2 6 > ~ 
- $ c~ $: L t:_ M u r a y am a I? (J) 15 ~ 2 4 > t: f)t -:J ""t , M ~ 5£, 1!1_ ~1j ~ $ ( E L I S A ) 
~ JfJ ~ 1 -c ?!!IJ JE L, ELI SA 1ft lli C' ~ ~ L t:_o if }5J m ~ ~ t {I 'm' A (J) ll'n rn m 
-!:* {iffi ti Mann-WhitneY' U ~ ~ ~ JfJ ~I L M :t1T L ko 
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1. ~ ft 1/ 7 b ~ 11 ~ ~ tt m (]) t£1. M 1m ili 1m(]) SD S- PAGE tz:: J: G lt ~ 
:e ft 1/ 7 ]:,. ~ tt ~ ~ tt ~ 1!: M m JI L -c m tz. m M 1m lli lm (]) m 8 tz:: J ~, -c 
S D S - P A G E -r 7} iff L k ( F i g . 3) o ~ f!3 *I ~ (]) m, !W ft-1 ~ 1U 1!: .¥ 9 Q 91-- ~ * ~ 
Ni 8 (]) f¥ 1£ tJ"S ~ '5 ~ n "t ~' G W . r e c t a (]) A T C C :m ifP ** * k ~ * 7} • 1* tJ) G 
(]) (}} 7} r :ii 1 5 l5 (]) m 8 tJ-l M 1m lli tz:: J:: -::> -c 1m lli ~ n k ( L an e 1 ,.,., 4) o 
~ ~ L k W • r e c t a J-:J, 91-- (]) l/ 7 b ~ 11 ~ ~ 11 1i tz:: "J ~' -c ti ~ (]) 91-- ~ * M t: 
1Jl JW ft-1 i!i2 1U 1!: ~ 9 * ~ m 8 (]) f¥ 1£ (]) ~ '5 ti t.t. ~' tJ1, 7t r :ii *3 2 l5 tJ) G 9 l5 
lW ~ (]) ~ n :e n (]) m tz:: !f.¥ :fi t JGt v n Q ~ ~ < (]) m 8 n-s tm lli ~ n -c ~' Q 
( L a n e 5 ---.- 1 8) o L tJ) L t.t. tJ1 G, W . r e c t a t: Ji!. G n G J:: -5 t.t. &3 Q !f.¥ 5i: (]) * 
~ m 8 n-s !f.¥ t: r%1 ~' trJ fl -r tm m ~ :n -c ~' Q ;: t 'j: t.t. n) -=> tt o M tm m w. ti ~ 
n :e n (]) *HI m t: !f.¥ :fi t.t. m 8 1!: oo f* n) s tm m 9 Q ;: t n-s -r ~ , !f.¥ t: w . 
r e c t a t.: -:J ~ \ "t ti S D S - P A G E 1!: ffl ~ \ "t (]) r.ti ~ f;t. [PJ )}: t: ~ JL "J ;: t tJi ~j -::> k o 
2 • W • r e c t a (]) m M tm lli 1m t w . r e c t a ~ f* tJ) G (]) ~ .q t.t. 7t Tim :m g t (]) 
SDS-PAGE tz:: J: G lt ~ 
M tm ili tz:: J: -=> -c w . r e c t a tJ) G ~ ~ ft-1 t: tm lli ~ n Q 7t r :ii 1 5 l5 (]) m 8 tJ"S 
W . r e c t a (}) 91-- ~ * Jl tz:: 83 * L -c ~ \ G 1J) 1!f tJ) ~ Ul tJ) ?1) Q "k UJ t: W . r e c t a 
tJ) G ~ .q t.t. Tim 7} 1!: ~ !'i L, ~ n G t til M tHI lli 1m t ~ S D S - P A G E -r lt ~ ~ M 
L k (Fig. 4) o 
M tm lli tz:: J: -=> -c 5t r :ii 1 5 l5 (]) m 8 ti w . r e c t a M 1* iJ) G ti t 1v ~ 9 ~ -r 
tm ili ~ n -c 43 0 , M 1m lli ~ (]) m f* t: ti W • r e c t a (]) 91-- ~ m 8 t ~ -trJ. (]) m 8 
iJ"l ~ ili ~ n k (lane 3' 7) 0 
M tm ili t: J: -=> -c w . r e c t a m 1* tJ) G ~ G n G 7t r Ii 1 5 l5 (]) m 8 'i :tg ~ __t 
~ t: <t JJ1i iii L -c ~' k ( 1 an e 4) o * k ii 1* 1!: -:1 v :/ .Y - -r * =E V -J- 1 7: 
L k ~ 11) __t ~ ( 1 an e 8 ) &> Q ~' ti m 1* (]) ~ -g. ~ ~ ~ 1m t: <t Ji!. G n k ( 1 an e 
5) a ~ ~ t: ;: (}) m 8 ti Jm -g.~ fd1i if'# lm ~ Jm ~ 1t' L "t m ~ :h G ~ l@ 5t t L -c 
~ ~ n Q <t (]) (}), 91-- ~ m 8 J-J. 91-- 1!: PI m ft 9 Q N- 7 r7 o 1 Jv -Jt Jv :1 y Y M 
-}- }-- IJ ry ]:,. -r PI m f t ~ n k ( 1 a n e 6) 0 
3. w. recta(]) m M tm lli 1m g:t (]) 7t r :II 15l5 (]) * ~ m 8 (]) flJ !'i 
w. recta m M till ili lm g:t (]) ± ~ m 8 -r &3 Q 7t r :ii 15 l5 (]) m 8 ti M tm ili, 
~ ~ 1C,, D E A E -t Jv ti - .A 7J 7 b lJ ti 7 f-. 1/ 7 7 -1 -, T o y o p e a r 1 H W-
6 5 S 7J 7 b 7 ti 7 f-. 1/ 7 7 -1 - t: J:: -::> -c flj !'i L k ( F i g . 5 A) o ;: n 1!: L 
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r e c t a~ ~ M till te ~ t L fZ.o w . r e c t a :m ~ M till te ~ ~:. ji 9 ~ * ~ m .rtu m 
~ JfJ ~' l S D S- P A G E 0) ~. 1 .b. J -:/ D ''J }-- ~ fj ~', ~ 0) :m JM 0) N_ ~ ~ ~ -'"". 
tz. t ;: ~, ~ ~ ~ 8{] ~: <t w . r e c t a 0) m M till te ~ ~ 0) ± ~ «i 8 c- ~ ~ :fr .::t-
:!1 1 5 n 0) m a tJ1 m ~ ~ n rz. ;: t tJ~ fiJ ~ rz. ( F i g . s s) 0 
4 • ~ fm Jf 7 .b. ~ tt ¥M %. tt m 0) tR M M te ~ t W • r e c t a :m ~ M tm te ~ ~: ~ 
9 ~ * ~ m Ifil m t 0) 'i Jv P-J tt ~ & IZ t 1 .b. ; -:1 n ''J r-
ffu 0) Jf 7 .b. ~ tt ~ %. tt m t lt -'""., w . r e c t a fJ'l f3> 0) {}j. :fr .:r ii 1 5 Jj 0) !f.j ~ 
~~maffiMtffite~~~-rtillte~n~;:tffi~f3>~t~~tz.ffi, L 
r e c t a 0) ~ ~ M till te ~ ~: ~ 9 ~ * ~ m .rtu m ~ ffl ~' -r ~ fm Jf 7 .b. ~ tl: ~ %. 
tt m 0) m M till te ~ t o u c h t e r 1 o n y 0) 'i Jv P-1 tt ~ & ~ ~ fi ~', ~ G t: :§E ~ 
~ 8{] ~;: ~-'"". tz. (Fig. 6) o ~ 0) *5 *· * ~ m Ifil ~ t M till te ~;: J: ~ c 15 7J 0) 
1i B tJi till te ~ n c ~' ~ W • r e c t a A T C C ~ if. f* i3 J: tf ~ W :fr 1ft f* fJ'l G 0) m 
M till te ~ t ~d: BjJ !rf- ~ 1 * 0) tt ~ ~ tJi ~ ~ ~ n tz. o L fJ'l L ~ tJi G, ffu 0) Jf 
7 .b. ~ tt ~ ~ tt 1£i tJ) G 0) ~' 9 n 0) m. M till te ~ t <t tt ~ ~ ti ~ ~ ~ n 9, 
:§E ~ ~ ~ ~:. w . r e c t a 0) m ~ M till te ~ t 0) ~ Jm m mt tl: ti ~ 'dJ G n ~ fJ'l ~ fZ.o 
~ G ~:. * ~ m .rtu ~ t tt ~ ~ tJ1 ~ P! ~ n tz. W • r e c t a~ W :fr lU f* 0) tR M till 
te ~ ~;: -:> ~' l S D S-PA GE, 1 .b. J -:/ D ''J }-- ?! C" ~ -'"". ~ t, S D S-PA G E C" ~ £* 
:fr 1M ** ~: A r c c ~ if. ** t ~EJ ~ ~:. ~ 'dJ G n ~ 0- -T • 1 5 n 0) m a t * ~ m w m 
~d: & lit L l ~' ~ ;: t tJ1 fiJ ~ tz. ( F i g . 7) o S D S - P A G E ti tt C" ~ < W . r e c t a ~ 
~ M till m ~ t: ~ 9 ~ * ~ m .rtu ~ ~ m ~' -r 0) 'i Jv rA.J tt ~ & JiC\ ~ 0) 5B ~ ~ ~ 
-=¥ $ ~ ;frj ffl L -r 0) W • r e c t a 0) PJi ~ ~ [EJ ~ tJi C" ~ ~ ;: t tJi BjJ G fJ'l t ~ ~ tz. o 
5. W. recta~JfiO):§B~~.::t-Btl~~(fjft~ 
{~ ~:.. w. recta 0) ~ JM M till lli ~ t: J;J 9 ~ * ~ m Ifil m ~ ffl ~' l ~ :J D 1 
~ ~ ~ ?! t: ~ ~ ~ ~ 1i .::t- ~ W: ~ ~ t: ~ ~ "l W • r e c t a 0) ~ ~ M till lli ~ 0) $ 
HfQ ~ t£ ~ IDijJ -'"". tz. 0 
~ 0) *li *· ~ ::I tJ 1 ~ *fi: .:r ~i w . r e c t a 0) m J{lj 8{] 1§2 ~u m ~ 0) ~ (}) f3> n ~ 
$ JJ?d *- M ~: 0) {}j. ~ ~ ~ n -r i3 tJ , ¥f! .:£ $ 0- t: ti ~ 'dJ f3> n ~ tJ'l ~ rz. ( F i g . 
8 A) o ~ ~ L l ~' ~ ~' * ~ Ifil m C" ~ ll L tz. W . r e c t am -!* ( F i g . 8 C ) &> ~ ~' 
tt M till m ~ 0) m -u: ~ * ~ m rrrr m c- ~ !I L rz. ~ -!* ~ M _t t: tt :i: < ~ :1 n 1 
~ ;f3L .::t- ti ~ 'dJ G n ~ fJ'l ~ tz. ( F i g . 8 B) o !f.l ~;: M till lli ~ 0) m 1* *. Jfi ti ~ 0) 
~ w tJi m < ~ ~ -r i3 tJ , m JW 8{] ~ ~IJ m ~ ti r& 'dJ G :n ~ n) ~ rz. 0 
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6 . w . r e c t a ffl ~ M tm te ~ (]) ft $ ~ tt tt 
W . r e c t a 0) ffl ~ M :fltJ te ~ 0) ~ ifi -~ 43 J: lf m .5X 7 ~ J M *H .5X ~ ~ ftl! (]) ft 
~ 89 td. Jf 7 L. ~ tt 1§ iJ1 i3 (]) ~ ~ m B t l1J ;b it -c Tab 1 e 3 t: ~ L k o W_._ 
r e c t a (]) m ~ M tm te ~ (]) ~ ifi -~ td: 7 . 0 '"'"' 7 . 3 c· &J "J k o Y A 7- 1 Y td: ~ te 
~ :h 9, m .5X 7 ~ J M (]) $ t: 'd: 7 A 1 ~ 7 :¥ Y M, Jf 1) Y Y, A v ;;t :::. y, 
1J Y ::; , Jf Jv '>' ~ ::; M 0) ~ 13- iJi ffJJ < , ~ 7J< tt 7 ~ J M .:b J: lf M tt 7 ~ J 
M (]) ~ 13- td: :& q 3 2%, 2 7 % t: &J J k o 
m ~ M tm te ~ (]) m *H ~ 43 J: 7.J n~ Hti M *H ~ ~ W • r e c t a 0) L P S t lt ~ L -c 
T a b 1 e 4 , 5 t: ~ L ko m ~ M tm te ~ t: td: 7 L. J - A ~ ± m ~ nx 5f t L k 
m tJ'S o. 5%, * tz. ,~ Jv ~ 7- Y M c c 16: o) 43 J: -a :t v 1 ::; M c c 18: 1 ) ~ 
$ ~c., t L k n~ Hti M iJi a- * :h -c t' ko W . r e c t a(]) m ~ M tm te ~ (]) If 43 J: lf 
n~ Hti M *H ~ td: L P S (]) -t :h i3 t td: ~ td. "J -c t \ k o * k, W . r e c t a (]) ~ ~ M 
:fltJ ili 1WJ t: td: L P S t: !f-f ~ 89 td. 3 - 1 \ 1 ~ U :¥- y ~ 1) A 7- Y M ( 3 0 H - C 1 4 : 0 ) (]) 
a- :m: iJi 1> td. t \ =. t iJ'-' /3, m ~ M :fltJ te 1WJ $ t: ti L P S (]) ~ A. td: f.j 'fiJ -c 1> td. t \ 
Z: t iJ'S ;b iJ'-' 'J ko 
{j{ t:, W . r e c t a ff.J ~ M :fltJ te 1WJ tz. "J t' -c N * Yifij 7 ~ J M l!i2 9U ~ 7 ~ J M 
W2 9U §! JJJ :fr ;tfi ~ 11 t: J: 'J -c IDm ~ fz.o W . r e c t a~ ~ M tm ili !fm (]) N * 9lfij 7 ~ 
; M ~ 9U t, -r -z: t: m 1* ~ ~ m a tJi m ~ ~ :n tz. fJ , ~ G < t:t m ~ :r 1 u 
- :::. Y Jj iJ'l fr ;b :h -c t' ~ Campy 1 o b a c y e r fetus, Aero monas~ 0) *III ~ ~ 0) 
~ ~ m B 0) N * Yifii 7 ~ J M ~ 9tl t ~ 1t ~ L, -c T a b 1 e 6 t: L, 'fiJ L, k o td. 43 
T a b 1 e t: &> tf k *III ~ 0) ~ ~ 0) t' 9 :h t: ~, W • r e c t a t fPJ ~ t: nl JW 8'9 !2 9tl 
m ~ 0: ~ 9 ~ ~ m a (]) 1f. t£ tJi ~ ili $ 89 H ~ t: J: fJ aJJ 13 tJ'-' t: ~ :n -c t' ~ 0 
W • r e c t a (]) m ~ M :fltJ te !fm (]) N * Yifii 7 ~ J M !2 9U td: A 1 a - L e u - T h r - G 1 n - t: ftl! (]) *III 
~ (]) ~ M m 8 t td: ~ td. ~ ~ !f-f (]) !2 9tl t: <9.:> J ko 
1 ) 1 b. J -:! u ''J }-- ~ t: J: ~ 5f ;tfi 
w . r e c t a 0) Jm ~ ~ frf1 te !fm, *-H M frf1 te lm 43 J: l1 ffl ~ M :fltJ te lm t ~ .A tt it 
}EJ ~ ~ ~ &> ~ t \ td: ~, :1! ~ ff tt it Nil ~ ~ ~ Ifn m t (]) & JiC\ ~ S D S - P A G E - 1 b. 
J / u ''J 1-- ~ t: J: "J -c ~ W L tz. ( F i g . 9) o 
Jm -gy ~ :fltJ te ~, m M frf1 te ~ t: td: L P s 83 * t m b n ~ :fr -T :II *"-1 2 5 , 0 0 0 IW 
m (]) m: W- t m ~ Ifn m t (]) & JiC\ ns ~ 'fiJ 13 n tz. 0 t' 9 :n (]) ~ litJ t: .:B t' -c ~ , 
~ *!t t: a- * :n ~ ftl! (]) m: W- t: 1t ~ M frf1 ili t: J: J -c m 13 :n ~ JJ- -r ii: 1 5 n (]) 
w . r e c t a 0) ~ ~ m 8 t ~ ~ 1fn m t td: i& ~ ~ t' & JiC\ ~ L -c t \ ~ =. t iJi ~J J 
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t:_ 0 ~ ; t:. Pi A. tt ti m ~ ~~ ~ * t:_ ~ if ~ rr tt ti m ~ !! ~ tJ'l ; 0) 1tn m 0) ~ 
1r ~ {:> L -r, ~ m' A ltn m {> 1J[J ;t -r 1 A J -;/ D ''J 1-- t: J: -:> -r, W . r e c t a 
*i !1 M :fiB lli ~ t (]) & ~ 1r ~ M L t:_ ( F i g . 1 o) o W . r e c t a *i !1 M 1ItJ lli 4m 'i 
~ m A. w m t ti 'a: t 1v c: & TiC\ c t;t. tr .. -=> t:_ n~, ~' 9 :n 0) ti m~ ~ ~~ ~ 1tn m t 
<t {:> 'i fJ ~ < & TiC\ L -r ~' t:_o 
2 ) E L I S A ~ t:. J: ~ Ifil m I g G m i* {dij 0) ?l~ )i: 
W . r e c t a 0) ~ ~ M :fiB lli ~ t:. ~ 9 ~ ti JSJ tJf3 !! ~ .b J: L1 ~ m' A 0) ltn m I g G 
m i* frlli 1r E L I S A~ t: J: -:> "L ~ -"" "t:_ o @I I< 0) A Ifil m t: "J ~' "L (]) Ifil rn I g G m i* 
{dij 1r ELI SA !lilli ""E e ""E * L ( Fig . 11), * "t:_ :ft ff 0) Ifil rn I g G m 1* {iffi (]) ~ :f$J 
{@ t ~ * ~ ~ .b J: L1 ~ * ~ ~ (]) 11 1r T a b l e 7 t:. * t 'dJ t:_ o 
JJ!A.'fitiml~m~ (AP: 34.A), ~:if~frf:t]§JSJ~!!~ (RP: 17)..) 
O)m~ff(J)IfrrrnigGmi*frllitil'm'A. (H: lOA.) O)-tnt1rlt~9~t, 
Pi A tl: ]§ fJiJ ~!! ~ (]) Ifil ;11 I g Gm ~ {dfi t ~ :i! ~IT 'f1 ti JEj ~!! ~ (]) Ifil m I gG 
m ~ frlli t "f 'i ~ !.! ~ 'i ~ Cb i3 n t;t. n-:. -=> t:_ n~, ~' 9 n 0) rtt ~ M -t il m A. M 
t:. .It -"", W . r e c t a 0) fi ~ M :fiH lli !f-m t: :j1 L -r *1E rr $ ft-J t: fi ~ t;J. Ifil m I g G 
m ~ frlli (]) _t jf tJ~ Tit lJ'l C/) i3 n ko * t:_ ~ t:, {I m A M t:. .It X, ~~ ~ M 0) !:p 
t: ti, w m r g a m 1* fiffi 0) ~ c < r%j ~,.' rtt ~ w rn n~ ~ Cb ; n t:_ o 
7t -T :!1: 1 5 75 (]) !M' ~ 1¥-J t;J. * II m t3 tJ-l W • r e c t a ii 1* lJ'l i3 M :fiH lli t: J: -:> -r :fiB 
lli ~ n "t:_o :$: m B ti W . recta AT C C~ * tt t ~ * 7} ltt ** lJ'l i3 0) dJ. !f.j :W 1¥-] 
t: :fiH lli ~ n, W. recta J..). 7'} (]) Wolin e 11 C!~ 0) *iB ii * k ~ 0) ftl! 0) ~ 7 A ~ 
tt ~ ~ tt ii lJ'l i3 ti ~ lli ~ n l;t. tJ-:. -:> k o L a i i3 9 1 ti W • r e c t a 1r 13 Cb, ~ ft 
0) D ~ ptg ~ 7 A ~ tt ~ ~ tt ii (]) ii ~(])~*IBm~ 1r. r ~ ~ m 1r ffl ~' -r ~ 
~1 L, W • recta(]) 7'f. ~ * II _ _t t: (]) dJ. ftl! 0) D ~ *IB II t:. ti 5l i3 n t;J. ~' "ft.. fl3 m 
~ 0) m !!U ~¥-J rfr:! 9U 1r ¥ 9 ~ !M' 1! ~;;. *!B Iffi! * 11 m a ns ff. =t£ L, ~ n 'i * m 0) ~ 
lli · IPJ )i: (]) _t "f V' t "J 0) * ~ t;J. ~ ~ t t;J. fJ -5 ~ t ¥& ~ L -r ~' ~o * "t:_, 
if 1* 1r ~ 1J!i! L t:_ ~ t: ti W . r e c t a 0) * M ~ 8 ti 7'f. ~ t: M ~ L -r Jfij_ 1M L -r < 
~ t 0) ~c ill ti ~ ~ tJ~, ~ 0) * II m t3 0) 71- 1M #3. ~ ~ ~' ti ft $ 1¥-J, ~ & ~ 1¥-J 
tt :fA t: "J ~' "L ti BjJ i3 -!J'l t:. ~ n 'L ~' t;J. ~ 'o 
~ 7 b ~ tt ~ ~ t,.' ti rJ 7 A ~ tt (]) ~ * t! * t;J. *HI IE t: .b t,.' "L ~ 0) if i* * 
11 t:. l!B fl3 ~ ~ ~ ~,., ti r.. P:J ~G) m !!IJ 1¥-1 ~ 9U m ~ (]) ff. =t£ ns, ~ -r ~ ;t m t: J: 
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.Q *HI .lJ?d * ~ $ ag m ~ t: J: 'J a~ i3 tJ) t: ~ n -c ~' .Q 3 5 • 3 6 ) 0 ~ ~ t! ~ t:J. *HI 
m 0) m f* ~ ~ (J) m !!11 ~r-J re 9U m ~ td: ~ < (J) tJA fi, 7.t -=r m ~ 4 n n) i? 2 o n (J) 
1 fl ~ (J) m 8 n) i? m .BX ~ n -r i:) 'J , ~ ~ <t 0 < td: m .lJ?d ~ t: ~ ~ *B -& t:J. ~, 
0 t;:t 1 :~.t Y *B -& ~ .Q ~' t;:t 7.f< * *E fi t:J. ~' G if.i 7.f< *6 fi 0 -c ~' .Q z: t ns ~ i? n 
-r ~' .Qo ~ 6 t: -f n 6 (J) ~ ~ «i 8 t;:t W 1m ffi tl: *U, ac ~. :fM M ~ 7 = Y / 
~ .Q ~' t;:t ~ fi :f v - ~ *U ~ "00 -!* ~ ~ ll 9 .Q Z: t t: J: -:J -c, * "k. t;:t M f* ~ 
m ll 9 .Q ~ (J) pH, {g l:l, 1 :~.t Y iMi 1l ~ ~ ~ ft ~ -tt .Q z: t t: J: -:) -r m .lJ?d ~ 
~ tJ) 6 71- =t ~ n -r ~, .Q 3 5 • 3 6) 0 
~ .:Z ti, C. fetus (J) ~ ~ «i 8 td: 0. 2 H g 1 y cine- H C 1 *l!j ~ ( pH 2. 2) ~ 
ffl ~' -c M 1HJ tB t: J: -:J -c if lU ~ n 3 7 > , ~ tt A e r o m o n a s h y d r o p h i 1 a (J) ~ ~ 
m a <t 151 *~ 1ij ~ ~ m ~' -r M tt * <tt ""f ~ 5t 11 ~ n -r ~, .Q 2 9 , 0 
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Table 1. Bacterial strains and growth media used in this study 
Bacterial strain 
Wolinella recta ATCC 33238 
306, 318, 325(clinical isolates) 
Wolinella curva ATCC 35224 
Wolinella succinogenes ATCC 29543 
Wolinella species ATCC 33567 
Actinobacillus actinomycetemcomitans Y4 
Centipeda periodontii ATCC 35019 
Fusobacterium nucleatum ATCC 25586 
Porphyromonas(Bacteroides) gingivalis 381 
Prevotella intermedia ATCC 25611 
Capnocytophaga ochracea S3 
Selenomonas sputigena ATCC 33150 
Bacteroides gracilis ATCC 33236 
Eikenella corrodens ATCC 23834 
Campylobacter sputorum 
subspecies sputorum A3563 
Campylobacter concisus FDC 484 
-24-
Growth medium 
Todd-Hewitt broth 
+ 0.5% yeast extract 
+ 0.2% ammonium formate 
+ 0.3% sodium fumarate 
Brain heart infusion broth 
+ 0.5% yeast extract 
+ 0.05% cysteine-HCl 
Brain heart infusion broth 
+ 0.5% yeast extract 
+ 0.05% cysteine-HCl 
+ 0.0005% hemin 
+ 0.0001% vitamin K3 
Todd-Hewitt broth 
+ 0.2% ammonium formate 
+ 0.3% sodium fumarate 
+ 0.2% KN03 
+ 0.0005% hemin 
Trypticase soy broth 
+ 0.1% ammonium formate 
+ 0.2% KNO 
+ 0.0005% ~emin 
Mueller Hinton Agar 
+ 0.2% yeast extract 
+ 0.1% KN03 
Mueller Hinton Agar 
+ 0.2% yeast extract 
+ 0.2% ammonium formate 
+ 0.3% sodium fumarate 
+ 0.1% KN03 
Table 2. Clinical data of periodontitis patients and healthy subjects 
Clinical parameter 
Patient age (yr) 
Number of existing teeth 
Mean pocket depth (nun) b 
Pocket depth(%) of: 
< 4 nun 
4-6 mm 
> 6 mm 
Loss of interdental 
bone (%)c 
a Mean + S.D. 
Patients with 
adult periodontitis 
(n=34) 
47.7 ± 6.3a 
25.5 ± 3.0 
3.9 + 1.0 
56.6 ± 19.3 
33.6 + 13.0 
-
9.7 ± 12.3 
33.7 + 10.0 
Paitents with 
rapidly progressive 
periodontitis 
(n=17) 
30.6 ± 5.9 
27.6 ± 3.1 
4.0 + 0.8 
50.9 ± 23.2 
33.6 + 15.8 
-
15.6 ± 12.6 
34.1 + 13.0 
Healthy subjects 
(n=10) 
36.7 ± 8.3 
27.3 .± 1.0 
2.1 + 0.2 
97.7 ± 2.4 
2.3 ± 2.4 
0.0 ± 0.0 
NDd 
b The d;pth of pocket was measured at six site on each tooth. The sites were mesio-buccal, 
buccal, disto-buccal, mesic-lingual, lingual and disto-lingual surface. 
c See Schei et al.( 25 ) 
d ND, Not determined. 
I 
1.0 
c-:1 
I 
Table 3. Amino acid compositions and properties of the purified acid extract of 
W. recta and the cell surface proteins from various bacteria 
Mol % in: 
Amino acid 
~ recta ~ fetus b ~ hydrophila ~ salm§nicida 
ATCC 33238 82-42 LPa VC119 TF7c A450 
Lys 8.3 7.9 7.7 8.5 6.1 
His 1.3 0.0 0.0 0.6 1.1 
Arg 1.8 0.0 0.3 2.1 4.3 
Asp 19.2 16.6 18.4 15.4 14.9 
Thr 10.7 13.8 11.4 7.1 8.8 
Ser 5.9 7.4 6.9 6.8 3.9 
Glu 8.2 3.4 7.6 8.9 9.5 
Pro 1.7 0.0 0.7 2.4 2.3 
Gly 10.9 11.4 5.8 8.3 4.7 
Ala 7.8 12.5 8.4 12.7 8.0 
Cys 0.0 0.0 0.0 o.o 0.0 
Val 6.3 7.0 9.8 7.5 8.4 
Met 0.4 1.3 0.1 1.5 1.0 
Ile 5.1 6.6 7.1 2.8 5.1 
Leu 7.2 7.0 11.3 8.8 10.1 
Tyr 1.7 1.9 1.2 3.2 1.9 
Phe 3.5 3.0 2.9 4.4 7.3 
Trp NDe ND 0.5 0.7 1.8 
-------------------------------------------------------------------------------------------
Hydrophobic residues (%) 32.0 37.4 41.2 40.8 44.0 
(Val, Met, Ile, Leu, Ala, 
Phe, Trp and Pro) 
Acidic residues (%) 27.4 19.6 26.0 24.3 24.4 
(Asp and Glu) 
Apparent Mr 150,000 100,000 131,400 52,500 49,200 
pi 7.0-7.3 4.1 6.4 4.6 5.7-6.0 
-~ampylobacter fetus; Pei et al. (27). 
Dubreuil et al. (28). 
cAeromonas hydrophila; Dooley et al. (29). 
dAeromonas salmonicida; Kay et al. (30). 
eND, Not determined. 
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Table 4. Sugar compositions of the purified acid extract 
and LPS of ~ recta ATCC 33238 
Content(ug/mg) 
Component 
Rhamnose 
Mannose 
Galactose 
Glucose 
Glucosamine 
Purified 
Acid Extract 
4.9 
91.0 
1.4 
4.3 
3.5 
LPS 
229.2 
(%) 
44.0 
3.5 
2.4 
45.7 
4.3 
Table 5. Fatty acid compositions of the purified acid 
extract and LPS of ~ recta ATCC 33238 
Content(ug/mg) 
Component 
C12:0 
C14:0 
20H-C14:0 
30H-C14:0 
C16:1 
C16:0 
30H-C16:0 
C18:1 
C18:0 
Unknown 
Purified 
Acid Extract 
5.5 
2.4 
10.1 
1.2 
1.6 
6.9 
44.4 
21.4 
11.8 
0.2 
(%) 
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LPS 
88.0 
14.8 
29.9 
43.6 
3.4 
7.3 
1.0 
Table 6. Comparison of N-terminal amino acid sequences of 
cell surface proteins isolated from various bacteria 
~ recta ATCC 33238 
~ fetus 82-40 LPa 
~ hydrophila TF7b 
~ salmonicida A450c 
~ radiodurans Sarkd 
~ brevis 47e 
Ala-Leu-Thr-Gln- X -Gln-Pro-Pro-Gln-
(Lys) 
Met-Leu-Asn-Lys-Thr-Asp-Val-Ser-Met-
Val-Asn-Leu-Asp-Thr-Gly-Ala-Gly-Val-
Asp-Val-Val-Ile-Gly-Pro-Asn-Asp-Asn-
Met-Lys-Lys-Asn-Ile-Ala-Leu-Met-Ala-
Ala-Pro-Lys-Asp-Gly-Ile-Tyr-Ile-Gly-
Ala-Asn-Ala-Ser-Asp-Leu-Asn-Asp-Tyr-
aPei et al. (27). 
bDooley et al. (29). 
cPhipps et al. (31). 
dDeinococcus radiodurans; Peters et al. (32). 
eBacillus brevis; Tsuboi et al. (33). 
fHalobacterium halobium; Lechner et al. (34). 
Table 7. IgG antibody levels in serum of patients with periodontiotis 
and healthy subjects to purified acid extract of ~ recta 
Patient or subject 
Adult periodontitis 
Rapidly progressive periodontitis 
Healthy 
Serum IgG Levelsa 
868 + 320(1864)b 
2995 + 1901(7837)b 
23 + 4(11) 
a Values are expressed as ELISA units and are means ± st~ndard error 
(standard deviations are given in parentheses). 
b Significantly different from healthy subjects by 
Mann-Whitney's U test; P<O.Ol. 
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FIG. 1. Electron micrograph of ~ recta ATCC 33238 negatively 
stained with 1% phosphotungustic acid. The cell was short rod 
with rounded end and single polar flagellum. Bar, 0.5 pm. 
FIG. 2. Electron micrograph of ~ recta ATCC 33238 negatively 
stained with 1% phosphotungstic acid. The outer surface of the 
outer membrane was covered with a distinctive array of 
hexagonally packed macromolecular subunits. Bar, 0.5 JUm. 
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FIG. 3. SDS-PAGE of crude acid extracts prepared from various 
Gram-negative bacteria. Lanes: S 1 molecular weight standards; 
1 1 ~ recta ATCC 33238; 2 1 ~ recta 306; 3 1 ~ recta 318; 
4 1 ~ recta 325; 5 1 ~ curva ATCC 35224; 6 1 ~ succino enes ATCC 
29543; 7 1 Wolinella species ATCC 33567; 8 1 ~ concisus FDC 484; 
9 1 ~ sputorum spp. §..PUtorum A3563; 10 1 ~..:._ p_g.riQQQn1ii ATCC 
35019; 11 1 ~ sputigena ATCC 33150; 12 1 A_:_ actinomycetemcomitans 
Y4; 13 1 ~ gingivalis 381; 14 1 ~ intermedia ATCC 25611; 
15 1 ~gracilis ATCC 33236; 16 1 ~ ochracea S3; 17 1 ~ corrodens 
ATCC 23834; 18 1 ~ nucleatum ATCC 25586. M. W. 1 molecular weight; 
KD, kilodaltons. 
M.W. 
(KD) 
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FIG . 4. SDS-PAGE results for various fractions of ~ recta ATCC 
33238. Lanes: S 1 molecular weight standards; 1 I purified acid 
extract; 2 1 crude acid extract; 3 1 acid extracted ~ recta cells; 
4 1 culture supernatant; 5 1 sonic extract; 6, sarcosinate-soluble 
fraction; 7 1 outer membrane fraction; 8 1 blender extract; 
9 1 molecular weight standards and purified acid extract. 
M. W., molecular weight; KD 1 kilodaltons. 
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FIG. 5. SDS-PAGE(A) of purified acid extract and crude acid 
extract of ~ recta and immunoblotting(B) of purified acid 
extract and crude acid extract of ~ recta reacted with rabbit 
antiserum to the purified acid extract of ~ recta. 
Lanes: S, molecular weight standards; 1, purified acid extract; 
2, crude acid extract. M. W., molecular weight; KD, kilodaltons. 
1 c 6 8 7 r: 12 14 r:]3 18 
2 ct C C S ~ :: @m em om 
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FIG. 6. Ouchterlony double immunodiffusion test for crude 
acid extracts prepared from various Gram-negative bacteria. 
Wells: a, rabbit antiserum to purified acid extract of 
~recta ATCC 33238; 1, ~recta ATCC 33238; 2, ~recta 306; 
3, ~ recta 318; 4, ~ recta 325; 5, ~ curva ATCC 35224; 
6, ~ succinogenes ATCC 29543; 7, Wolinella species ATCC 33567; 
8, ~ concisus FDC 484; 9, ~ sputorum spp. sputorum A3563; 
10, ~ periodontii ATCC 35019; 11, ~ sputigena ATCC 33150; 
12, ~ actinomycetemcomitans Y4; 13, ~ ging i valis 381; 
14, ~ intermedia ATCC 25611; 15, ~gracil i s ATCC 33236; 
16, ~ ochracea S3; 17, ~ corrodens ATCC 23834; 
18, ~ nucleatum ATCC 25586. 
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Fig. 7. SDS-PAGE results for crude acid extracts of several ~ 
recta strains and immunoblotting of crude acid extracts of 
several }'L_ recta strains reacted with rabbit antiserum to 
purified acid extract of YL_ recta. Lanes: S, molecular weight 
standards; 1, 'Jh recta ATCC 33238; 2, ~ recta 306; 3, ~ recta 
318; 4, ~ recta 325. A: SDS- PAGE, slab gel was stained with 
Coomassie brilliant blue R. B: Immunoblots, membrane sheet was 
developed with rabbit antiserum to purified acid extract of ~ 
recta. Molecular weight standards were stained with 0.1% amide 
black B10. M. W., molecular weight; KD, kilodaltons. 
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Fig. 8. Electron micrographs of gold bead-labeled ~ recta ATCC 
33238 cells(negatively stained with 1% phosphotungstic acid). A: 
~ recta cells incubated with rabbit antiserum to purified acid 
extract of~ recta(1:200 dilution); B: ~recta cells after acid 
extraction incubated with rabbit antiserum to purified acid 
extract of~ recta(1:200 dilution); C: ~recta cells incubated 
with pre immune rabbit serum (1: 200 dilution). In all cases, the 
secondary antibody was goat anti - rabbit serum IgG conjugated 10-
nm gold beads. Bars, 0.5 pm. 
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FIG. 9. Immunoblot ting of ~ recta ATCC 33238 antigens reacted 
with human serum antibodies. Lanes: S, molecular weight 
standards; 1, sonic extract; 2, crude acid extract; 3, purified 
acid extract. A: SDS-PAGE, slab gel was stained with Coomassie 
brilliant blue R. B: Immunoblots, membrane sheets were incubated 
with human serum from periodontitis patients; a and b, patients 
with adult periodontitis; c, a patient with rapidly progressive 
periodontitis. Molecular weight standards were stained with 0.1% 
amide black B10. M.W., molecular weight; KD, kilodaltons. 
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FIG. 10. Immunoblotting of purified acid extract antigen of ~ 
recta ATCC 33238 reacted with human serum antibodies. A: The 
membrane sheet was stained with 0.1% amide black B10. Lanes: S, 
molecular weight standards; P, purified acid extract of ~ recta. 
B: Lanes 1 through 11 were loaded on the SDS-PAGE for immunoblot 
with purified acid extract of ~ recta. Membrane strips were 
separately treated with different human sera. Strips: 1 through 
4, sera of patients with adult periodontitis; 5 through 8, sera 
of patients with rapidly progressive periodontitis; 9 through 11, 
sera of healthy donors. M.W., molecular weight; KD, kilodaltons. 
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FIG. 11. Serum antibody(IgG) levels of adult periodontitis(AP), 
rapidly progressive periodontitis (RP), and heal thy subjects (H) 
with purified acid extract antigen of ~~ r~~1~ ATCC 33238. 
Symbols: e, individual sera from the patients with periodontitis 
or healthy subjects. Brackets indicate mean of ELISA units ± the 
standard error. 
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